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Introduction
Transportation professionals are increasingly 
looking for nontraditional options to help complete transit 
and non-motorized networks, and many have turned to 
the complementary aspects of cycling and transit.  A 
number of agencies in the United States and abroad have 
adopted policies in the last 15 years aimed at increasing 
the use of the two modes (Schneider, 2005), such as 
indoor bicycle parking at rail stations and allowing 
bicycles on buses and trains. The public benefits of these 
programs are numerous, as both bicycling and transit 
can improve health, increase access to jobs and services, 
promote equity for underserved populations, and reduce 
environmental impacts.
Bicycle to transit programs have been largely 
successful, and research has documented significant 
use of bicycle facilities provided by transit agencies 
(Federal Transit Administration, 1999; Martens, 2007; 
Schneider, 2005).  King County Transit estimated 
more than 40,000 bicycle-carrying passengers in 1999, 
while Caltrain reported that more than 2,000 cyclists a 
day brought their bicycles on board the passenger rail 
line between San Francisco and Silicon Valley during 
the same year (Federal Transit Administration, 1999). 
San Diego Metropolitan Transit System estimates 
nearly 600,000 bicycle trips served annually through 
its facilities (Schneider, 2005). Despite the emerging 
appeal of the programs, bicycle to transit behavior has 
been overlooked in research, and little has been written 
on travelers who use the facilities and their environments 
(Schneider, 2005). 
Case Study: Chicago Transit Authority’s Bike and 
Ride Program
In 1999, the Chicago Transit Authority (CTA) 
initiated a program to encourage people to combine 
bicycling and transit.  The program, called Bike and 
Ride, has three major components: allowing bicycles 
on “L” trains except during rush hours, equipping all 
2,000+ buses with racks that carry up to two bicycles, 
and providing indoor bicycle parking at more than 75 rail 
stations on the system. Bike and Ride is part of a larger 
mission by Mayor Richard M. Daley and the Chicago 
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Department of Transportation to “make Chicago the 
most bicycle friendly city in the United States” (Mayor’s 
Bicycle Advisory Council, 2006). 
This paper assesses one component of the Bike and 
Ride program.  There are 143 rail stations in the CTA 
system. We used annual counts of bicycles parked at 
the 75 indoor facilities, combined with geospatial land 
use, demographic, and policy data in 1-mile buffers 
around each of the 143 rail stations, to elucidate possible 
influences on the use of bicycle to transit programs. 
Understanding environmental characteristics related to 
Bike and Ride participation can help policymakers better 
leverage resources to maximize the use of facilities and 
can help researchers better understand the role of the built 
environment in transportation decisions.
Analytical Methods
Regression Models
Because Bike and Ride participation variables are 
based on count data which vary over time, we estimated 
a number of count models, using panel methods.  Using 
Stata®/SE Version 10, we first estimated three longitudinal 
negative binomial regressions (xtnbreg function), using 
demand counts as the outcome variable (Cameron & 
Trivedi, 1998; Hausman, Hall, & Griliches, 1984; Liang 
& Zeger, 1986).  The longitudinal function is similar 
to a cross-sectional negative binomial regression, but it 
accounts for the use of the same stations over time.  Each 
station used in the analysis had non-missing values for 
all input variables and the outcome variable (n=129, with 
510 observations).  The first model used demographic and 
transit variables as the input variables.  
The second model used the input variables that had 
a coefficient with p<0.15 significance in the first model 
as well as the built environment variables.  We employed 
those variables that had a coefficient with a p<0.15 
significance in the third, preferred model, along with the 
policy variables (bicycle lanes and crime). We ran random 
effects and fixed effects models for each procedure, and 
a Hausman test determined the appropriate model for 
analysis (Noland & Karlaftis, 2005). 
For the percent occupancy outcome variable, 
conditional on having supply, we estimated three 
longitudinal linear ordinary least squares regression models 
(xtreg command in Stata) (Baum, 2006; Dwyer & Feinleib, 
1992).  Stations used in the analysis had non-missing 
values for all input variables and the outcome variable 
(n=62, with 159 observations). Since parking supply is 
already accounted for in the outcome variable, it was not 
used as an input variable in these models. We generated 
random and fixed effects models, and a Hausman test 
determined the appropriate model for interpretation (Baum, 
2006). We only used those variables that had a p<0.15 
significance in each model in subsequent models.  
Results and Discussion
(Note: The specifics of the results have been taken 
out of this section for space considerations. To find 
the full documentation of the results, please visit our 
website at www.planning.unc.edu, and scroll down 
under “Department News”.) Both the number of indoor 
bicycle parking spaces and their use grew significantly 
during the data collection period.  The number of spaces 
increased by 225% over that time period, and parking at 
those spaces increased by 400%.  However, the increase 
in use of the facilities was uneven.  For example, an 
aggregation of values at Orange Line stations, located on 
the southwest side of the city, show a greater than 80% 
occupancy during each count while a similar aggregation 
of values for Green Line stations, located on both the due 
west and due south sides of the city, revealed less than 
25% occupancy each year.
Our results indicate that several environmental 
characteristics are related to Bike and Ride behavior, 
even when accounting for demographic variation 
between neighborhoods. In accordance with previous 
work, Bike and Ride participation, as measured in two 
ways using counts of parked bicycles, was higher at 
stations with higher numbers of train riders, fewer bus 
options and more bicycle parking spaces. Surprisingly, 
participation was lower in areas with higher residential 
density and higher percentages of African American 
residents. Despite theoretical and empirical support for 
the importance of other environmental factors, we found 
no significant associations between program participation 
and land use, miles of road or density of bicycle lanes. 
However, post-estimation analyses do indicate that a 
combined policy approach, focused on multiple factors 
related to Bike and Ride participation, will generate the 
most efficient increase in program use.
Explanations of Environmental Influences
Assuming ridership is an indication of “attraction,” 
the relationship between weekday boardings and facility 
use supports the idea that the “attraction” of high transit 
use stations could increase cycling in the area (McNally, 
2000). Increasing bicycle parking at stations with high 
ridership and a number of popular nearby destinations 
may further enhance use of the mixed modes of transport. 
The association of higher Bike and Ride use with lower 
levels of bus service and longer distances to rail stations 
supports the idea that people will choose bicycling when 
walking and taking the bus are more onerous options. 
While our analysis was not designed to determine 
whether these Bike and Ride participants would commute 
in personal cars if the program was not available, it does 
allow for this supposition on certain days, and provides 
an avenue for future research. 
The inverse correlation between buses and cycling 
in this context reveals the complex relationship of the two 
modes. In one component of the Bike and Ride program, 
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buses carry bicycles on racks.  In this way, they are 
complementary, and policies promoting one mode will 
support the other.  However, in terms of arriving at rail 
stations, riding the bus and bicycling may compete with 
each other in mode choice decision.  High bus density in a 
neighborhood may make it difficult to bicycle, and create 
conflicts between cyclists and buses. Thus, policy-makers 
and transit professionals should search for context-
sensitive solutions in different neighborhoods.  In areas 
where there is significant bus service, they should search 
for ways for bicycles and buses to more safely coexist. 
In areas with minimal bus service, bicycle supports and 
facilities may be a much more cost effective way to 
promote alternative modes of transport. 
The inverse relationship between residential density 
and Bike and Ride usage was surprising, particularly 
because the input variable is an indication of total 
population in the buffer. This finding may highlight the 
specific needs of bicycle trips, which could be better 
fostered by a less dense or urban built environment 
with fewer impediments and dangers (Barnes & Krizek, 
2005). The negative association of crime with number 
of bicycles parked at stations supports the premise that 
people are less likely to feel safe leaving their bicycles 
at a station in neighborhoods with significant crime, 
even if it is within view of station attendants.  Thus, 
attention to safety at and around stations is important 
for policymakers. 
The significant negative association of the percent 
of African Americans living in a station neighborhood
with both variables describing Bike and Ride use was also 
unexpected given previous findings which showed that 
African Americans are more likely to use transit (Pucher 
& Renne, 2003).  However, the negative association of 
median income with Bike and Ride demand supports 
previous studies (Barnes & Krizek, 2005; M. Winters 
et al., 2007). These findings may reflect the complex 
interaction of demographics with bicycling and transit. 
Characteristics of a neighborhood (and people living 
within that neighborhood) that are conducive to taking 
transit may not apply to cycling. Similarly, the reasons 
a person might enjoy cycling in her neighborhood might 
not be the same as why she would choose to ride transit. 
In addition, the high collinearity between percent African 
American and a number of the input variables (e.g., bus 
density, residential density, crime, median income, urban 
mix) could mean that the variable is an indicator of other 
environmental influences negatively associated with the 
outcome variables. 
Our use of the environment (neighborhood 
characteristics) instead of individual characteristics 
may also help explain the demographic influences. 
The independent variables in this study do not describe 
the Bike and Ride users, but rather the neighborhoods 
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surrounding stations.  Even though African Americans are 
more likely to use transit and thus could be amenable to 
Bike and Ride (Pucher & Renne, 2003), the environment 
in higher percentage African American neighborhoods 
may be less conducive to the behavior independent of 
individual preference. Since the outcome count variable 
is very small in comparison to the population, it is 
hard to test this hypothesis with these data. However, 
these findings do provide evidence of the importance 
of separating environmental influences from individual 
preferences in future research.
Not surprisingly, we found a significant correlation 
between bicycle parking supply and demand.  Initially, 
CTA built bicycle parking facilities at stations based on 
perceived demand, equity across stations, and sufficiency 
of space (Malick, 2008).  The Chicago Department of 
Transportation installed the parking facilities at no cost 
to CTA if the stations were located inside the city limits. 
After 2003, CTA prioritized stations based primarily 
on space, and a concerted effort was made to install 
racks at all stations with sufficient area.  If demand and 
space were sufficient, additional parking facilities were 
added to stations with previously existing spaces. Since 
the rationale for installing the facilities was largely 
independent of perceived demand in later years but was 
related to demand in earlier years (which we found to 
be related to demand in later years), there could be a 
causative association between supply and demand that 
could be further investigated.  With the current analysis, 
we cannot isolate whether the supply of parking racks 
generated demand or not.
The lack of a significant association between any 
of the land use percentage variables or road miles with 
either outcome variable is consistent with previous 
findings which only found a moderate effect of the built 
environment on cycling (Moudon et al., 2005).   The 
non-significant relationship between bicycle lanes and 
the use of indoor parking can be partially explained by 
studies which found that people will only use bicycle 
lanes if they live quite close to them (Krizek & Johnson, 
2006; Schneider, 2005). Since the one mile buffers 
are relatively large, the majority of residents in each 
one likely do not live adjacent to the on-street bicycle 
lanes, perhaps diminishing their impact in the analysis. 
In addition, the Chicago Department of Transportation 
Bicycle Program created on-street bicycle lanes based 
on a combination of demand, neighborhood equity, and 
opportunistic collaboration with street improvement 
projects (Gleason, 2007).  In recent years, prioritization 
has focused on completing a citywide bicycle network, 
independent of demand.  Since the network may not 
necessarily go near every station, the completion priority 
may be more effective for longer distance cycling that 
does not necessarily include stations as destinations. 
Furthermore, the influence of bicycle lanes on traveling 
to transit may grow over time, once the network is more 
complete. Transportation professionals should consider 
the proximity of stations when planning the construction 
of bicycle lane networks. 
1+1=3: The Effects of Simultaneous Solutions
In spite of the statistical significance of many of 
the influences we examined, small coefficient values 
and post-estimation analysis reveal that each individual 
variable has a limited impact on the total number of 
bicycles parked at stations. For example, if all variables 
are held at their mean values, our analysis predicts that 
adding four parking spaces to a station with only two 
spaces generates an increase of 0.4 bicycles parked at 
that station. Our results, however, also suggest that the 
influence of parking supply on demand is enhanced as 
more parking spaces are added. If we add ten parking 
spaces instead of four, we would predict an increase of 
nearly three parked bicycles.
Furthermore, a comprehensive suite of solutions, 
targeting multiple factors, may yield even more 
impressive results. If our addition of ten parking spaces 
were accompanied by an increase in bicycle lanes to 
the 80th percentile level and a decrease in crime to the 
20th percentile level, our analysis predicts an increase 
of nearly six, rather than three, bicycles parked at the 
station.  The same changes, when occurring at a “high 
attraction” station (80th percentile for ridership) with 
limited bus access (20th percentile for bus diversity),
yields nearly 11 additional Bike and Ride users, more 
than the increase in parking spaces.  The success of 
approaches which change multiple factors at once is 
consistent with previous findings (Pucher & Buehler, 
2006). This indicates that there may be a critical mass 
that must be reached in bicycle facilities and other factors 
in order for significant results to occur. 
In Chicago, indoor bicycle parking is just one 
component of the Bike and Ride program.  It is likely 
that as the other two parts of the program (bikes on buses 
and bikes on trains) become more popular, more people 
will use the parking spaces.  For example, in 2006, there 
were two bicycles parked at the O’Hare station, where 
there is no road to access the station via bicycle.  Thus, 
the travelers must have bicycled to a station other than 
O’Hare, perhaps one without indoor parking, brought 
their bicycles on the train, and then parked them at the 
O’Hare station after alighting.  This indicates the appeal 
of a complete alternative transportation network with 
benefits that increase exponentially with time. 
Limitations
Even though CTA collected data over four years, the 
analyses involved a relatively small sample size of only 
62 unique stations for the linear regression models, due to 
the high number of “0” values for supply, and 129 stations 
for the negative binomial regression models with a count 
outcome.  Only 19 of the stations had indoor bicycle 
56 Schwartz
parking in 2002, and still less than half of all stations had 
facilities for inclusion in the regression analysis in 2006. 
In addition, demand counts were relatively low, with a 
maximum of 19 parked bicycles and an overall mean of 
less than one.  Nevertheless, the stations included in all 
analyses cover every rail line and geographic directions 
of the city; thus, we feel they are representative of the 
varying neighborhoods in Chicago.  
In addition, while the longitudinal nature of the data 
in this study provides a new contribution to the literature, 
the time frame for the analysis was only four observations 
over the five initial years of the existence of the facilities. 
Barnes and Krizek (2005) noted that the relatively large 
confidence intervals of single observations combined 
with small sample sizes of cyclists can skew models. 
Follow-up studies with more years and observations 
could examine the long-term effects of the program 
which might not be revealed in a short time frame 
with few observations.  Since CTA and CDOT have 
prepared a Bike and Ride marketing plan and program, 
we recommend this type of follow-up study to evaluate 
their results. 
There was not a consistent counting methodology 
between years at CTA, and some observations were lost 
due to this inconsistency. Nevertheless, the demand count 
of bicycles parked at CTA stations provides an objective 
outcome variable for use of the parking spots and 
bicycling behavior. This is unique in bicycling research, 
which mostly relies on subjective recall data to determine 
the number of cyclists using facilities (Dill & Carr, 2003; 
Hoehner et al., 2005; M. Winters et al., 2007). 
Furthermore, we do not know if people who parked 
their bicycles at the stations on the days of the counts 
actually did take the train, though CTA’s surveys had 
indicated that most people who parked their bicycles do 
ride the train.  Many of the parking spots are located after 
the turnstiles, and it is likely safe to assume that nearly 
all of these travelers would not pay the train fare simply 
to have a space to park their bicycle. 
A final limitation of the study was the lack of 
bicycle lane and crime data outside the City of Chicago. 
This caused the values of 14 different stations (56 
observations) to be excluded from all analyses.  Most 
importantly, a few of the terminal stations were excluded 
from the analysis which may have biased the contribution 
of this variable to the models.  When estimating the 
preferred negative binomial regression model while 
dropping the bicycle lane and crime data, the terminus 
variable is longer statistically significant (p>0.2), and the 
direction of the coefficient becomes positive. 
Conclusion
This study shows that complementary policy efforts 
can increase the rates of bicycling to transit and ensure 
more consistent use of this mode of travel across different 
neighborhoods. When the environmental context is 
sufficiently conducive to bicycling to transit, the presence 
of indoor bicycle parking facilities appears to increase 
the catchment area of the station.  Thus, programs like 
Bike and Ride should be strongly considered by transit 
and DOT planners and other policy decision makers, 
especially given the significantly lower cost of installing 
bicycle parking versus extending the transit network. 
Indoor parking facilities at rail stations seem to make the 
most impact in less dense neighborhoods conducive to 
bicycling, especially if the rail station is well utilized. 
However, these facilities will be more successful if 
implemented in tandem with other policies supportive of 
bicycle to transit behavior.  When extending the network 
of on street bicycle facilities, planners should ensure that 
they are built near rail stations to fully leverage both 
the bicycle lanes and any transit related facilities.  In 
addition, crime in neighborhoods around stations should 
be addressed in order to further cycling and transit use. 
Finally, this study shows a cost-effective way for 
transit agencies to collect longitudinal data.  Planning 
practitioners should take initiative in monitoring and 
evaluating programs to strengthen arguments for 
alternative modes of transportation.  Researchers should 
continue to explore the built environment’s potential 
influence on bicycling to transit. 
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